2-[(4-Bromo-2,3-dioxobutyl)thio]- and 2-[(3-bromo-2-oxopropyl)thio]adenosine 2'5'-bisphosphate: new nucleotide analogues that act as affinity labels of nicotinamide adenine dinucleotide phosphate specific isocitrate dehydrogenase.
Two new reactive adenine nucleotide analogues have been synthesized and characterized: 2-[(4-bromo-2,3-dioxobutyl)thio]adenosine 2',5'-bisphosphate (2-BDB-TA-2',5'-DP) and 2-[(3-bromo-2-oxopropyl)thio]adenosine 2',5'-bisphosphate (2-BOP-TA-2',5'-DP). Starting with NADP+, 2'-phospho-adenosine 5'-(diphosphoribose) (PADPR) was generated enzymatically and was converted to PADPR 1-oxide by reaction with m-chloroperoxybenzoic acid. Treatment with NaOH followed by reaction with carbon disulfide yielded 2-thioadenosine 2',5'-bisphosphate (TA-2',5'-DP). Condensation of TA-2',5'-DP with 1,4-dibromobutanedione or 1,3-dibromo-2-propanone gave the final products 2-BDB-TA-2',5'-DP and 2-BOP-TA-2',5'-DP, respectively. The structure of these new reagents was determined by UV, 1H NMR, 31P NMR, and 13C NMR spectroscopy as well as by bromide and phosphorus analysis. Both of these reagents exhibit properties expected for an affinity label of the coenzyme site of NADP+-dependent isocitrate dehydrogenase. With both reagents, biphasic kinetics of inactivation are observed that can be described in terms of a fast initial phase of inactivation resulting in partially active enzyme of 6-7% residual activity, followed by a slower phase leading to total inactivation. The inactivation rate constants for both reagents exhibit a nonlinear dependence on reagent concentration, consistent with the formation of a reversible complex with the enzyme prior to irreversible modification. The enzyme incorporates both reagents to a limited extent and is protected against inactivation by NADP+ and NADPH. The reaction of these new nucleotide analogues with isocitrate dehydrogenase is compared to the much slower inactivation caused by bromoacetone, indicating the importance of the nucleotide moiety in the functioning of the affinity labels. It is likely that 2-BDB-TA-2',5'-DP and 2-BOP-TA-2',5'-DP will have general applicability as affinity labels for other NADP+ binding enzymes.